During the past twenty years a good deal of work has been reported by Hooper, Foster (4), Smith (14), Hawkins (6), Whipple and associates dealing with the metabolism of bile pigments, bile salts and cholesterol. This work called for the use of several types of biliary fistula and observations were made first at the Hooper Foundation, the University of California, and later in Rochester. Gradually a good deal of information has accumulated relative to the proper care of the bile fistula animal but in spite of all precautions we observe all too frequently various types of abnormality which disturb the research program and nullify experimental observations. It is a commonplace to observe in the voluminous literature of this subject that investigators frequently will study the bile elimination in a bile fistula animal which shows a rapid loss of weight. Such observations are practically worthless as an animal of this sort is abnormal and would be found to be suffering from some of the abnormalities described below. Any value that attaches to such observations would then be related to that particular abnormal state but not to a normal base line.
(Received for publication, July 5, 1935) During the past twenty years a good deal of work has been reported by Hooper, Foster (4), Smith (14) , Hawkins (6) , Whipple and associates dealing with the metabolism of bile pigments, bile salts and cholesterol. This work called for the use of several types of biliary fistula and observations were made first at the Hooper Foundation, the University of California, and later in Rochester. Gradually a good deal of information has accumulated relative to the proper care of the bile fistula animal but in spite of all precautions we observe all too frequently various types of abnormality which disturb the research program and nullify experimental observations. It is a commonplace to observe in the voluminous literature of this subject that investigators frequently will study the bile elimination in a bile fistula animal which shows a rapid loss of weight. Such observations are practically worthless as an animal of this sort is abnormal and would be found to be suffering from some of the abnormalities described below. Any value that attaches to such observations would then be related to that particular abnormal state but not to a normal base line.
Three types of bile fistula have been used in this series of observations.
1. The common type of open bile fistula used by practically all of the older workers is unsatisfactory in many respects but observations of value have been made (4) . This fistula is always infected but usually by non-pathogenic bacteria, and these dogs if draining well and properly fed will continue in good health and weight equilibrium for many months. It was observed .that liver feeding at intervals would do much to prevent intoxication and in particular to prevent de-599 calcification of the skeleton described below. A modification of this open fistula developed occasionally in some dogs,--that is a tiny fistulous tract along the gap in the common bile duct which permitted some bile to flow into the duodenum during the night when the outer fistula was not draining freely because of removal of the collection tube. Such bile fistula dogs remained in perfect health for many years and were valuable experimental animals. These dogs emphasized the importance for normal function and health of a small amount of bile flowing daily into the duodenum. 2. The popular closed sterile bile fistula as devised by Rous and McMaster (12) is a much more satisfactory type of fistula but it too has many drawbacks. Precipitates and calculi will form in the rubber tube in spite of sterile conditions and these dogs rarely can be utilized longer than 4-6 months but they are admirable for certain experiments and do away with ordinary types of infection.
3. A very useful type of bile fistula was devised by Kapsinow, Engle and Harvey and utilizes the renal pelvis for the fistulous tract (7). The bile can be collected in the urine without difficulty and the tract usually remains sterile. Such dogs have been under observation in our laboratory in perfect health for many years but care must be given to the diet and some bile must be fed at intervals to avoid some of the intoxications described below. Calculi on occasion will develop in the renal pelvis and cause much trouble. With present methods of analysis this type of fistula cannot be used to study bile salt output as the mixture with urine introduces too many confusing additive factors.
In 1922 it was concluded after a general review of the subject (17) t h a t "bile secretion into the intestine is necessary for normal health and even for actual continuation of life beyond a few months' period." We have found no experimental data which have modified this conclusion. Intoxications and abnormalities as they appear all too frequently in the r~gime of the bile fistula dog are viewed with disfavor by the investigator as they m a y interrupt or terminate the period of observation. Recently, however, we have become interested in certain abnormalities which can be produced experimentally, with intent to study the relief of the given abnormality by the administration of bile or some bile constituent. 5 . Duodenal ulcers with lack of appetite and hemorrhage or even perforation.
We wish to expand somewhat this brief classification.
Acute Intestinal
Disturbances.--This abnormality is common in the reports in the general literature and is usually associated with rapid weight loss. A diet poor in fat and animal proteins will be helpful and as little as 50 cc. dog bile daily will return the dog to normal. We found also that whole liver feeding would usually prevent this disturbance and occasional liver feeding periods would serve to keep the dog in a healthy condition even with an open infected bile fistula. The renal type of fistula can be kept in perfect clinical condition and weight balance on a salmon bread diet plus 50 cc. dog bile daily. The preparation and constituents of the salmon bread have been carefully described (18) . It contains wheat flour, bran, potato starch, canned salmon, sugar, cod liver oil, canned tomatoes, yeast and a salt mixture. The bread contains 10 per cent protein, 6.5 per cent fat and 83.4 per cent carbohydrate. When a bile fistula dog is being kept in an anemic state by bleeding it is necessary to add more than 50 cc. of bile daily to maintain health and prevent intoxication.
2. Purpura and Spontaneous Bleeding.roWe are not aware that this complication in bile fistulas has been given much if any attention. It develops usually within 3-4 months when the bile is completely absent from the intestinal tract but purpura does not develop if obstructive jaundice is present in these dogs even when all bile is excluded from the intestine. It would seem that something is lost through the bile fistula which after 3 or more months causes abnormality of blood clotting. With obstructive jaundice this unknown factor is retained in the blood and coagulation is normal. Transfusion "will cause cessation of bleeding but has no lasting effect as the abnormal state of blood clotting still persists, and hemorrhage may soon occur again. It seems probable that there is a deficiency of prothrombin in the circulating blood which at first causes delayed clotting time and finally spontaneous bleeding from the intestinal tract and other points of slight trauma. A detailed report will soon be published.
General Osteoporosis with Spontaneous
Fractures.--It was observed that liver feeding in bile fistula dogs prevented this osteoporosis although the mechanism of this reaction is not clear (17) . Obstructive jaundice has no effect upon this condition and dogs with bile excluded from the intestine will develop osteoporosis whether there is any obstruction or not. It takes 10-12 months for this condition to develop, as the mineral reserve store is considerable and a negative balance must continue a long time before the ribs are thinned sufficiently to break or bend under normal conditions of exercise. The gross picture shows numerous greenstick fractures of the ribs and long bones with very thin shafts, so much so that these bones and the vertebrae at autopsy can be cut with a knife. Histologically the picture is that of human osteoporosis and need not be described in detail.
Pavlov (10) first indicated that exclusion of bile from the intestinal tract resulted in osteoporosis. Seifert (13) suggested the possibility that with no bile in the intestine vitamin D would not be absorbed and this would lead to a negative calcium and phosphorus balance. This hypothesis was supported by the studies of Tammann (15) since he found parenteral administration of vitamin D was beneficial. Greaves and Schmidt (2) have demonstrated a negative calcium and phosphorus balance in dogs and rats deprived of bile, and attribute it to a lack of absorption of vitamin D from the intestine. This negative balance can be changed to a positive one by subcutaneous administration of viosterol. In rats when desoxycholic acid and viosterol were mixed in the diet a positive balance was established whereas in the absence of the bile acid the balance remained in the negative phase.
4. Cholelithiasis is very rare in dogs and it has been shown that human gall stones placed in the dog's normal gall bladder will be slowly dissolved and vanish, but if the gall bladder shows inflammation the inserted gall stones remain undissolved (5, 1) . However in the dosed sterile fistula deposits are often formed in the rubber tube and may obstruct the lumen completely. This material may be various mixtures of mucus, cholesterol, bile pigment or salt. In the renal fistula however we have observed calculi with some frequency.
Renal Fistula Dogs (26 in number) have been studied for periods of more than 5 months, and gall stones have formed in six within the fistula tract and these have caused at times partial or practically complete obstruction. In two male dogs, the stones lodged in the urethra and were removed by instrumentation. One female passed several stones. Indications of stones are jaundiced plasma, bloody urine and difficulty in the passing of urine. In one dog at autopsy the gall bladder was filled with numerous small stones. Analysis shows that the concretions are formed largely of cholesterol and pigment so that they are not renal or urinary bladder stones.
5. Duodenal Ulcers are also relatively common in all types of bile fistula dogs and this complication must be kept in mind. These ulcers may also be observed even more frequently with simple biliary obstruction.
Duodenal Ulcers have been found in nine out of a total of thirtythree dogs that lived more than 3 months after operation. One died as the result of massive intestinal hemorrhage; another with peritonitis as the result of perforation of an ulcer. A third dog which was a combination renal fistula and Eck fistula had a duodenal ulcer with adhesions between the left lobe of the liver and the wall of the intestine. Round worms had passed through the ulcer into the liver and from it into the peritoneal cavity with resulting peritonitis. The other five ulcers had caused no clinical disturbance. Three dogs had had the common bile duct surgically ligated and of these two had duodenal ulcers at autopsy.
Methods
The various operations as well as postoperative and routine care of these bile fistula dogs have been carefully described in various publications. All operations were done under ether anesthesia. The clinical condition of these fistula dogs and the body weight must be carefully followed.
The stock kennel ration is made up of mixed hospital table scraps and contains much bread, potato and vegetables, a little meat and bones with variable amounts of butter.
The hemoglobin values are established from a fixed base fine where 100 per cent ----13.8 gm. hemoglobin.
Clotting time has been determined by observing whole blood and by the study of recalcified plasma. It has been customary to combine 0.5 ce. of the plasma with 0.5 cc. of a 0.6 per cent solution of calcium chloride. This mixture was read at room temperature in small test tubes. The length of time necessary for a solid clot to form so that the tube can be inverted without dislodgement of the dot has been considered as the clotting time. Normal dog plasma has been used as a comparative control.
A few of the most interesting dogs will be described below to illustrate the various abnormalities classified above. As the pictures of purpura or osteoporosis are so uniform it is not necessary to descMbe a large n u m b e r of these animals.
Purpura.--When a closed sterile bile fistula or a sterile renal fistula dog is deprived of all bile b y m o u t h and fed the standard salmon bread ration, the animal will remain in health for about 3--4 months. The dog then will show some delay in clotting time and finally spontaneous bleeding from gums, gastro-intestinal tract or venous punctures. Transfusions are beneficial at this stage and 50-100 cc. of normal dog blood in m a n y instances will stop the bleeding and give a normal clotting reaction. This will be only a t e m p o r a r y relief but in an emergency the transfusion is invaluable and m a y save the life of a valuable animal. At this point p e r m a n e n t return to normal can be effected b y feeding whole bile in large q u a n t i t i e s --f o r example 100 cc. whole dog bile for a week interval.
The following histories are typical and illustrate the points noted above.
Dog 30-147, Renal Fistula, Spontaneous
Bleeding.--The dog was operated upon under ether anesthesia on Feb. 5, 1931 , and a gall bladder renal fistula made. On Feb. 9, dog bile (50 co.) was given by stomach tube and continued daily until Apr. 10. On this date urobilin was found in the urine, indicating that there was infection somewhere in the fistula tract which is a most unusual occurrence in this type of fistula. Dog bile (200 co.) was given for 8 days by stomach tube to cause a copious flow of bile which would flush out the fistula tract and possibly result in a clearing of the infection. No such favorable result was obtained so the dog was given a daily diet of kennel ration and all bile by mouth discontinued after Apr. 20. The dog continued to eat its food and the clinical condition remained excellent except that the hair became rough and felt sticky. On June 18, after a jugular vein puncture, bleeding occurred and on the following morning some blood was found beneath the cage. No hematoma could be demonstrated in the neck, the bleeding had ceased, and there was no recurrence of it until July 24, following another vena puncture. During the night there was bleeding from the puncture wound and in the morning the dog was found lying in the cage and was inactive in contrast to the usual liveliness displayed upon receiving attention. There was a diffuse bogginess in the tissues of the neck but no actual hematoma could be felt. Bleeding had apparently ceased. The dog remained inactive for the next 2 days and on the last day of life, July 26, breathing was labored.
It is of interest that on the day of operation, the dog weighed 13.5 kilos and after 3 months of complete bile deprivation on a kennel diet ration weighed 13.1 kilos. No indication of anemia was ever observed. The hemoglobin on Feb. 26, 3 weeks after operation, was 114 per cent and on July 16, 1931, was 102 per cent. Death occurred 3 months after bile deprivation began.
Autopsy Findings.--The mucous membranes of the mouth are pale. The subcutaneous tissues of the neck are boggy due to edema, but deeper in the muscles and in the tissues surrounding the trachea there is much hemorrhage extending from the larynx into the mediastinal tissues to the hila and beneath the pleura of the lungs and along the aorta to the diaphragm. The heart grossly shows areas of hemorrhage in the fat about the auricles and upon being opened subendocardial hemorrhage is found in the left ventricle. Blood from heart dotted in glass container only after 1½ hours. Valves and myocardium appear normal. Histological sections show normal muscle but there are areas of hemorrhage subendocardially and in the epicardial fat. Polymorphonuclear leucocytes are found near the extravasated blood in the epicardial fat. Sections of the aorta show adventitial hemorrhage.
The right lung grossly presents extravasated blood beneath the pleura at the hilum with pleural ecchymosis scattered elsewhere. Most of the lung is crepitant and normal except for a few small, firm areas which are bright red in color. The left lung is solid dark purplish-red and on section it is very wet with much blood in the fluid. There are areas of consolidation suggesting pneumonia. "Histological sections show extravasated red cells about the bronchi and in the alveoli with edema. Inflammatory exudate is present in some areas. The spleen is small, mottled with red areas. In the section phagocytic cells containing iron pigment are conspicuous.
In the gross the liver appears normal but histologically in one section the bile ducts are dilated, full of polymorphs and there is some fibrosis of the surrounding tissues with infiltration of polymorphs and mononuclears. Some of the bile canaliculi contain brown colloid material. The fundus of the gall bladder is firmly healed into the pelvis of the right kidney and grossly appears normal. In sections there are a few round cells in the mucosa. The extrahepatic ducts are slightly dilated and the common bile duct is ligated and its continuity interrupted.
The right kidney shows a dilated pelvis with scarring and atrophy of the parenchyma as the result of operation. The left kidney is large but normal in appearance. Histologically the right kidney is scarred with atrophic, hyalinized glomeruli and collapsed tubules. Round cells are present in the increased connective tissue. Section from the left kidney shows normal structures. The ureters and bladder are grossly normal but in sections there are a few scattered round cells beneath the epithelium. In the colon there is blood adherent to the mucosa but the feces do not seem to contain it and are light clay colored. No bleeding points can be seen, and in the sections no abnormalities are found.
The bones are firm and show no evidence of decalcification. There is no abnormality of the bone marrow in histological sections. --A gall bladder renal fistula was made on Aug. 12, 1931. For 12 days after operation the dog was fed kennel diet and then the diet was changed to 600 gin. salmon bread, 100 gm. salmon, and 100 gm. Klim mixed into a mash with water. No bile was given. The dog ate its food and remained in excellent condition until Dec. 20 when a large hematoma formed in the neck following vena puncture. It became inactive, coughed at times and refused to eat. On Dec. 21 ox bile 50 cc. was given by stomach tube and this was continued until Jan. 2, 1932. On Dec. 21 the blood took 23 minutes to clot into a solid jell. The hematoma gradually increased in size and on Dec. 23 whole blood (135 cc.) was transfused, and this stopped the bleeding. The dog on the next day appeared more normal and ate all its food. As the result of the hematoma being resorbed the output of bile pigment for the next 14 days was about twice the normal amount. On Dec. 31 whole blood dotted quickly and firmly. From Jan. 2 to May 14 all bile was discontinued, and the dog received the salmon bread diet but from Jan. 28 to Mar. 3 an egg yolk was added in order to learn whether cholesterol might influence clotting. During this period the blood clotted normally, the time varying from 4 to 8 minutes. On May 12 the clotting time was prolonged to 15 minutes and on May 14 the dog again became inactive although it ate its food. No hematoma was noted in the neck. May 16 the dog died.
Throughout this period of 9 months bile had been given on only i 1 days and yet the dog never showed any anemia and had gained 3.5 kilos.
Autopsy discloses the presence of hemorrhage into the subcutaneous tissues and muscles on the left side of the neck, into the upper mediastinum, in the axillae, over belly and over the back. Blood is found about the abdominal aorta, in pelvic tissues and in the retroperitoneal tissue about the right kidney. The blood within the heart and vessels is fluid and rather thin. The viscera appear normal. The fistula tract is patent, and no communication is found between the duodenum and the ligated and severed common bile duct. The bones are firm and show no fractures.
Dog 33-90, Renal Fistula, Purpura, Saved by Transfusions and Whole Bile Feed-
ing.--A gall bladder renal fistula was made on Mar. 13, 1934 , and on Mar. 17 the dog weighed 18.6 kilos and had a hemoglobin level of 122 per cent. It was fed 600 gm. of kennd diet with no bile by mouth until Apr. 10 when 1 gin. of sodium taurocholate was added to the food. On April 23 the bile salt was increased to 3 gm. daily and on May 7 in addition to this three egg yolks were added. From May 20 to June 7 the diet was 600 gin. kennd diet only but on the latter date it was changed to 200 gm. cooked pig liver and 200 gin. of salmon bread and this was fed until June 25. On July 5 the hemoglobin was 80 per cent and this fall is due probably to the fact that 10 cc. of blood had been removed daily for blood cholesterol determinations. From July 1 to Oct. 3 the diet was 700 gin. kennel diet but 50 cc. ox bile was given by stomach tube commencing July 24. From Sept. 3 to 14 the dog was ill, left food with the weight dropping to 14.8 kilos. The cause of this illness was not determined. Oct. 3 the diet was changed to 400 gm. salmon bread, 75 gin. salmon and 30 gm. Klim with 50 cc. ox bile by stomach tube. On Nov. 15 ferric ammonium citrate 25 cc. of a 1 per cent solution was added to the diet in an attempt to raise the hemoglobin from the level of 80 per cent. On Dec. 12 pig liver 100 gin. was added to the above diet and on Dec. 20 the liver was increased to 300 gin. This diet was fed until Jan. 15, 1935 . The hemoglobin had not increased by all the iron and liver, but the weight was now 20.2 kilos and the clinical condition was excellent. Jan. 9 whole blood and recalcified plasma dotted in 13-15 minutes. Jan. 15 the diet was changed to 400 gln. salmon bread, 75 gm. salmon, 30 gin. Klim plus 1 gm. of sodium taurocholate with no bile by mouth. Jan. 18 there was blood in the urine and for the next 5 days much blood was passed with the urine. Jan. 22 the dog's pulse was rapid, respirations were quick, and it was thought best to transfuse 175 cc. whole blood in order to stop the bleeding. Jan. 24 the urine was free of blood. On day of transfusion whole blood clotted very slowly as in 20 minutes only a fragile clot had formed, but at the end of 40 minutes there was a solid d o t which later retracted well. The day following transfusion it took 30 minutes for a fragile clot to form and this delay in clotting continued. Jan. 21 sodium taurocholate 1 gm. and 1 egg yolk were added to the salmon bread diet to see if these substances would influence clotting. On Feb. 5 dog bile 50 cc. was substituted because blood was passed in the urine Feb. 4, and on the next day blood oozed all day from a vena puncture wound. The vein was punctured at 9 a.m. and at 11:30 p.m. there was still oozing of blood and a small hematoma was present in the neck. Whole blood 140 cc. was transfused and shortly thereafter the oozing ceased, and in the morning there was no indication that any further bleeding had occurred. Recalcified plasma clotted in 25 minutes. Feb. 9 the dog bile was increased to 100 cc. daily, and on Feb. 20 recalcified plasma clotted in 9 minutes as contrasted with 6 minutes for normal dog plasma. Feb. 23 the dog bile was discontinued and 1 gm. sodium taurocholate was added to the food. 3 days later blood was present in the urine and continued to be present on succeeding days with large amounts of it on Mar. 2. On this day recalcified plasma clotted solid after 26 minutes. Mar. 3 the dog was found lying quietly in the cage whereas the day before it had been very active. Respirations were labored and a red cell hematocrit was only 16 per cent. Whole blood 220 cc. was transfused without any obvious improvement resulting so 2 hours later 270 cc. more blood was given. Respirations still remained labored in spite of all the blood and in the evening the dog was found dead.
Autopsy was performed immediately and the essential findings are given. In the anterior mediastinum there is a large mass which is composed of fat infiltrated with blood much of which is still fluid, and in both pleural cavities there is fluid blood, 750 cc. in amount with the lungs greatly compressed. No hematoma is found in the neck in relation to the jugular veins, so the bleeding was spontaneous and not related to jugular punctures. When the heart is opened well formed clots are found within the chambers.
All the viscera are normal grossly and histologically except for the atelectasls of the lungs. The gall bladder renal fistula is patent and the common bile duct ligated and severed and no communication is found between it and the duodenum. No bleeding point can be found in the urinary tract to explain the blood in the urine. The bones show no evidence of decalcification but the marrow is hyperplastic.
The important facts of this history are that ox bile and sodium taurocholate did not prevent the abnormality in blood clotting from developing. Whole bile caused a return to normal clotting. Beneficial effects of whole blood transfusion are strikingly demonstrated by the autopsy. The blood in the mediastinal fat and pleural cavities was unclotted and even after standing in a flask for 24 hours only a slight amount of flimsy dot formed. This is in contrast to the solid dots found within the heart. was done on Oct. 14, 1930, and the diet thereafter was 300 gm. salmon bread, 100 gin. salmon, 40 gm. Klim. During the following periods the dog was given 100 cc. of dog bile daily by stomach tube: Jan. 28-Feb. 3, 1931; May 12-15; May 26-29; July 6-9; Aug..6-16; Aug. 23-27. Aug. 6 following avena puncture a hematoma developed in the neck, and it was for this reason that so much bile was given. No further bleeding occurred until Oct. 10 when again the neck became swollen and the dog had some difficulty in breathing. The skin of the neck was incised and only edematous tissues were found. Oozing from cut vessels continued and whole blood (100 cc.) was transfused and by the end of the procedure bleeding ceased. The dog died during the night.
Autopsy (Oct. 11, 1931) discloses extensive hemorrhage deep in the tissues of the neck and infiltrating diffusely through mediastinal tissues and the pericardial sac. There is a small hematoma in the left leg near avena puncture wound and some hemorrhage in the muscles of the right leg. In the descending and sigrnoid colon there are small areas of hemorrhage in the mucosa, and there is a small duodenal ulcer. The bones show no gross evidence of decalcification, and the viscera are normal.
This history is of interest because of the fact that this dog did not exhibit purpuric tendencies until 10 months after operation and there was no serious hemorrhage until a year after operation. It is probable that the bile that was given during the periods indicated prevented bleeding at an earlier date, but that not sufficient bile was given to protect the dog indefinitely. 
e n t the bleeding t h a n do the non anemic fistula dogs.
Dog 29-66, Anemia, Renal Fistula, Bleeding.--This dog was studied in the anemia colony with sustained anemia from Aug., 1930, until Feb., 1933, at which time it was allowed to build up its circulating hemoglobin in preparation for operation. Apr. 18, 1933, a gall bladder renal fistula was made, and 6 days later 50 ce. of dog bile was added to the diet of 400 gin. salmon bread, 125 gm. salmon, 50 gm. Klim. The dog was made anemic a month after operation by means of withdrawal of blood from jugular vein, and was kept in a state of continuous anemia. It received daily 50 ec. of dog bile until Dec. 21 and then for a period of 3 months the amount was reduced to 40 co. daily, and then for a 2 month period it received from 60-70 co. On May 24, 1934, almost 13 months after operation, it commenced to bleed following vena puncture in the morning and oozed 1-2 ounces during the night but no hematoma formed in the neck. On May 25 fresh normal dog plasma (45 co.) was given intraperitoneally and for 3 days an extra 100 co. of dog bile was given by stomach tube. No further bleeding occurred but study of clotting of recalcified plasma on May 28 revealed that it took 11-13 minutes for a solid clot to form in contrast to 2-4 minutes for normal dog plasma. 1 gm. sodium taurocholate as well as 100 co. of dog bile were added to its ration for the next 11 days.
Fibrinogen determinations on May 26 revealed normal figures. May 29 recalcified plasma clotted in 5-6 minutes. Since this time the dog has continued to get 1 gin. sodium taurocholate plus 50 ce. dog bile with additional 10-20 co. of ox bile and no further bleeding has occurred although innumerable vena punctures have been done. 5 months later recalcified blood plasma clotted in a solid jell in 2 minutes, pointing to the beneficial effects of adequate bile. Dog is living and normal at present time.
Dog 26-18, Renal Fistula, Anemia Colony, Fatal Bleeding.--A renal fistula operation was performed under ether anesthesia on Oct. 7, 1933. On Oct. 11, dog bile (15 cc.) was added to the diet and 4 days later the amount was increased to 30 cc. daily. From Oct. 25 until Mar. 27, 1934, dog bile (50 cc.) was added daily to the diet of salmon bread, salmon and Klim. Commencing Nov. 7 the dog was made anemic by withdrawal of blood and from Dec. 5 on its hemoglobin hovered around 50 per cent. Numerous jugular vein punctures were made in the routine course of bleedings and on Mar. 27, following a vein puncture oozing began and continued during the day. Whole blood (50 cc.) was transfused late in the afternoon and external bleeding ceased. Next morning (Mar. 28) however there was a large hematoma in the neck, the dog. was very weak with labored breathing and the red cell hematocrlt was down to 16 per cent. On March 28 it BILE FISTULAS AND P_ELATED ABNORMALITIES was found that whole blood would clot but very slowly. Recalcified plasma took 11 minutes to form a jell in contrast to the very solid clot which formed in 4 minutes in normal plasma. Whole blood (200 cc.) was given intraperitoneally and 65 cc. by vein. The dog died during the night. The finding of interest in the autopsy was a hematoma, 6 x 5 cm., in the neck in close relationship to the jugular vein.
A splenectomized renal fistula dog, 30-62, bled intraperitoneally from an abdominal sinus tract 4] months after being partially deprived of bile. At this time there was severe anemia as the result of Bartonella in the blood and this hemorrhage caused death. Another splenectomized renal fistula dog, 29-353, at the height of severe anemia, due to Bartonella infection, bled from a vena puncture wound 11½ months after operation during which period it had received 50 cc. of dog bile daily. This dog died also as the result of the hemorrhage. Details of autopsies have been described in a previous (11) paper.
Several sterile dosed fistula dogs have exhibited this bleeding tendency which develops after 4-5 months of total bile deprivation.
Osteoporosis with Multiple Fractures.--Several typical histories of
experiments are given in detail and there is a conspicuous uniformity in the story. Obviously the lack of whole bile or some of its constituents is an essential factor in the development of this picture. Since liver feeding is beneficial it is apparent that there is some substance, as yet undetermined, which exerts a protective influence. Dog 31-303. A gall bladder renal fistula was made June 3, 1932, with an uneventful recovery except that the dog did not eat the diet of the kitchen scraps very well so that there was weight loss from 16.6 to 14.2 kilos during the following month and a half. On June 11, 1932, 50 cc. of ox bile was given by stomach tube' and continued daily until Dec. 27, except during the month of August when it was given every other day. From July 23 to Aug. 27, the diet consisted of 300 gin. salmon bread, 75 gin. salmon, 30 gin. Klim mixed into a mash with water. At the end of this period the weight was 15.9 kilos or almost the original level. On Dec. 27, the ox bile was discontinued and the diet was changed to one consisting of 300 gm. white bread, 50 gin. Klim and water, and this was consumed completely until Feb. 12. From Feb. 12 to Mar. 4, 1933, the dog tended to leave some food and the weight dropped to 14.1 kilos as a result. A red cell hematocrit of Mar. 7 read 52 per cent and the plasma was jaundiced. The dog appeared healthy and active, but the jaundice had to be accounted for as it is unusual in this type of fistula dog. On Mar. 9, it was noted that the dog urinated frequently but only succeeded in passing a few drops of urine each time. A soft catheter passed into the urethra met with an obstruction which could not be dislodged or passed. By instrumentation several calculi were removed. These calculi were yellow and contained cholesterol by chemical tests. More fragments were passed during the night and the flow of urine increased to normal and the color was very dark due to the bile. After this episode the dog was given a diet of mixed kitchen scraps which was eaten only moderately well for the next month, but weight was maintained around 14 kilos. From Apr. 5, 1933, to Jan. 19, 1934 , it ate all food but from then until death, Feb. 24, it left varying amounts with resulting loss in weight down to 11.4 kilos. On Feb. 1, 1934, the red cell hematocrit was 46.4 per cent with bile staining of plasma indicating mild obstruction to bile flow. All hematocrits have demonstrated maintenance of normal red cell levels during the period of bile deprivation. During the last 3 weeks of life the dog was inactive hut made no complaints when being handled until the last day when it whined as pressure was applied lightly to the hind quarters. The thoracic cage at this time was easily compressible and on Feb. 24, 1934, when the dog was placed on its back immediate difficulty in breathing developed and pulsations of heart were very obvious as the sternum tended to collapse inward. When put on the floor again labored breathing disappeared and the dog walked about the room with no distress. Sinc.e bone decalcification was now so conspicuous, the dog was killed with gas anesthesia and autopsy performed immediately.
Autopsy.--Dog 31-303, Osteoporosis.--Serous cavities, heart and lungs are essentially normal, both grossly and histologically. Spleen is small, pinkish-gray with a rather fibrous appearing cut surface. Histologically phagocytic cells containing iron pigment are quite numerous. The mucosa of the intestine is normal throughout, but the muscle coats of the small intestine are colored a buff brown (9) . Histologically, there are no changes of importance.
The liver presents normal lobulation but there is slight bile staining. One of the hepatic ducts contains a small pigment calculus. The common bile duct has been ligated and severed and no continuity with the duodenum is demonstrable. The ducts are slightly dilated. The gall bladder is small and the fundus is well healed into the pelvis of the right kidney. The mucosa is studded with minute gray projections. Histologicany, the liver architecture is normal, but the bile canaliculi in the liver cells of the central portion of the lobules are plugged with brown colloid material. Liver cells contain lipochrome pigment. The gall bladder has collections of lymphocytes in the submucosa and there are phagocytic ceils containing light brown amorphous pigment material. The pancreas grossly is normal except for pigmentation of the character noted in the muscle coats of the intestine.
The right kidney is small and scarred as the result of operation. The pelvis is dilated and there is a calculus composed of pigment and cholesterol which must have caused some obstruction to the free flow of bile. The right kidney is large but normal grossly and histologically. Microscopic sections show the right kidney to be scarred with atrophic or hyalinized glomeruli, and dilated tubules filled with casts. Round cells are scattered in clusters. One region shows more normal kidney tissue. A portion of gall bladder healed into the kidney pelvis is present. The ureters and urinary bladder are normal grossly, and histologically only a few round cells are found in the submucosa of the bladder. The prostate is normal in gross but histologically there are a few collections of lymphocytes between the acini.
The skeletal system is very interesting due to the decalcification. The ribs are easily compressible, bend but do not break, and near the costal junction each rib from the 3rd to the 8th on the right side shows a greenstick fracture and on the left side each rib from the 3rd to the 9th. The vertebral bodies and scapulae cut easily with scissors, and the cortices of the long bones are thinned and split easily.
Histologically, the cortex of the femur shows very large Haversion spaces some of which contain fibrous tissue. The bone adjacent to the canals shows evidence of decalcification. The vertebral bones show delicate trabeculae with some osteoclastic activity. The ribs show more striking changes. The cortical bone is thin and its continuity broken with replacement of bone by connective tissue. In the region of the fractures all normal architecture is disrupted, and one finds callus, new bone, bone trabeculae being eroded by osteoclasts and fibrosis of marrow spaces. Marrow is hyperplastic but still contains some fat. 13, 1933 13, , to Nov. 22, 1934 , the dog was fed 700 gin. of kennel diet. During the period the dog was in the anemia colony it received salmon bread diet.
This dog for months exhibited periods of hemoglobin destruction and excess bile pigment production related to infection with Bartonella (8) . On June 27, 1934, the dog was given 210 mg. of neosalvarsan intravenously with sterilization of the blood stream of the Bartonella and thereafter it had a normal hemoglobin level and bile pigment output. From Nov. 22, 1934, until Jan. 29, 1935, the dog was studied in the anemia colony and by bleedings from the jugular vein its hemoglobin had been lowered from 106 per cent to 39 per cent. On Dec. 1, the ox bile (50 cc.) was replaced by 1 gm. of sodium taurocholate fed with the food and it received this amount daily until Dec. 18 when it was given 2 gm. daily. On Dec. 18 recalcified plasma clotted in 3 minutes and on Dec. 26 in 7 minutes. From Dec. 26 until Jan. 8 ox bile (40 cc.) was given with the food. Sodium taurocholate (2 gm.) and ox bile (40 cc.) were fed from Jan. 8 to Jan. 22 when the ox bile was discontinued. On this date the plasma was clear and when recalcified it clotted in 8½ minutes. From Jan. 22 to 29 the dog ate poorly and on the morning of the latter date was found to be very weak. The dog had been anemic since Dec. 31 with the hemoglobin about 50 per cent. Hidden bleeding causing too severe an anemia was suspected and the dog was transfused at once with whole blood (60 cc.) but death followed shortly thereafter. The plasma however was definitely jaundiced. All during this 14 months as a renal fistula the dog's weight had been well maintained and there had never been any spontaneous bleeding.
Autopsy.--The serous cavities, heart and lungs are normal both grossly and histologically. The heart is full of firmly clotted blood. The liver is dark reddish brown in color with normal lobulation. The common bile duct is ligated and completely severed from the duodenum. The fundus of the gall bladder is firmly healed into the pelvis of the right kidney. The ducts and gall bladder are not dilated. Histologically the liver shows some phagocytic cells filled with dark brown pigment in the portal regions and occasionally elsewhere in the lobule. Some bile canaliculi contain brown colloid material. The gall bladder appears normal.
The stomach is normal but in the duodenum there is a small ulcer 3-4 ram. in size. The mucosa of the remainder of the intestine is normal, but the muscle coats of the small intestine are colored a buff brown. Histologically there is a small ulcer of the duodenum with a few mononuclear cells in the submucosa which however shows no destruction. The pancreas is normal except for the pigmentation similar to that in the intestinal coats.
The right kidney is scarred at the operative site but otherwise is normal. The left kidney is normal except for slight hypertrophy. Histologically the right kidney shows round cells in the submucosa of the pelvis and some collections in the parenchyma in the scarred area. The bladder and prostate are normal except histologically there are round cells in the stroma of the prostate. Lymph glands at the hilum of the liver are large, brownish in color, and histologically there are phagocytes containing iron pigment.
The bony skeleton shows decalcification. The ribs are brittle and on the left side the 4th, 5th and 6th ribs each show two small bulges which appear to be healed fractures, and in the 9th there is one such fracture. On the right side the 4th, 5th and 6th ribs show two fractures and the 2nd, 3rd, 7th and 8th one each. The vertebral bodies can be cut easily with the knife, and the long bones are brittle and easily split. The marrow shows hyperplasia due to the secondary anemia. Histologically there is definite thinning of the cortex and trabeculae of the ribs. Lines of fracture are apparent and in these areas there is much cartilage, new bone formation and fibrosis of the marrow spaces. Numerous large osteoclasts are to be seen. Vertebral bone trabeculae are delicate and show thinning out but marked decalcification is not evident. Marrow is hyperplastic as the result of the experimentally induced anemia.
This dog is of particular interest since it had received a kennel diet ration with 50 cc. of ox bile for most of its existence as a fistula animal, and still there was evidence that decalcification had progressed. The osteoporosis was not as severe however and healing of fractures occurred. The ox bile had apparently protected this dog from purpura and bleeding.
Dog 31-27, Billary Obstruction, Osteoporosis, No Bile Given, Metastatic Calcification.--The dog was operated upon June 1, 1932, and a closed sterile bile fistula made plus splenectomy. Recovery was uneventful and bile drained freely. A month later on 3 successive days, the dog chewed the rubber bag into which the bile drains, so the rubber tubing was cut off close to the abdomen and the dog set aside for bile deprivation studies. Jaundice developed as the fistula tract promptly became obstructed. No bile was given by mouth. A diet of mixed kitchen scraps was fed and the dog ate this completely and continued lively until April, 1933, at which time it became listless and just lay quietly in the cage, but continued to eat. The last week of life it refused to stand and when placed on its feet would immediately slump down. The rib cage was easily compressible but at no time did the dog indicate that discomfort was caused by palpation over the ribs or long bones. On May 4, 1933, 11 months after operation, it was killed with gas anesthesia. During this time there had been gradual loss of weight from 13.6 kilos to 6.8 and the hair had become rough. No spontaneous bleeding had ever occurred.
Autopsy was performed at once and positive findings are noted. There is evidence of marked loss of weight, and the tissues throughout are bile-stained. The bile fistula opening in the side is healed and there is complete obstruction of the common duct. The serous surface of the peritoneal cavity is smooth but there are fibrous adhesions about the liver and bile duct and a fibrous sheath which had formed about the rubber fistula tubing extends from the end of the common bile duct to the lateral abdominal wall.
The heart is of normal size and external appearance. The endocardium of the right auricle and ventricle is smooth and the tricuspid and pulmonic valves are delicate. In the first portion of the pulmonic artery there are small rough vegetative-like calcified nodules, 1 to 2 ram. in size, involving the intimal surface. In the left auricle just above the valve more of these calcified nodules are present and a few are present on the mitral leaflets. The endocardium of the left ventricle and the aortic cusps are normal. The myocardium appears normal. Throughout the length of the aorta there are scattered small calcified nodules, again apparently involving only the intima. Histologically, the intimal layer of the pulmonary artery is thickened by connective tissue and there are masses and streaks of calcium deposit but the media is not involved. The sections of aorta present a similar picture. The endocardium of the left auricle is slightly thickened and calcified areas involving some of the elastic fibers are found. The myocardium is normal. The blood clots quickly and firmly indicating no abnormality in clotting. The lungs show partial atelectasis of the lower lobes, and histologically the alveolar walls contain calcium in abundance. T h e r e are scattered phagocytic cells filled with golden yellow pigment. The liver is deep green in color with lobulation distinct beneath the capsule. On section the periportal connective tissue is conspicuous and near the hilum about the larger bile ducts is distinctly increased. The hepatic and common bile ducts are distended with grayish-white, thick material. The common bile duct is llgated and no communication with the duodenum is found. Histologically there is some increase in periportal connective tissue and bile duct proliferation is apparent with accumulations of round cells about them. Bile canaliculi in centrally located liver cells are plugged with brown colloid material. In some portal areas, there are large phagocytic cells, filled with granules of brown pigment, which gives a positive stain for iron. The common bile duct has a thick fibrous wall with round cells and phagocytic cells containing golden yellow pigment and the mucosa has collections of round cells. Arteries show calcium deposits in the intima with some replacement of the media.
The pancreas is normal grossly and histologically but there are arteries which show calcification of portions of the wall. The gastro-intestinal tract presents a normal appearance grossly and histologically except for calcification of the intima and media in some of the arteries.
The kidneys grossly are normal but sections show calcification of the intimal lining of arteries without any thickening of this layer. Some epithelium of the collecting tubules has undergone calcification. Bile-stained casts are present in some tubules. The urinary bladder mucosa contains numerous large blebs due to cystitis emphysematosa, and histologically the mucosa shows polymorphs lying in the submucosa between these large blebs.
Lymph glands at the hilum of the liver are enlarged, measuring 3 cm. in length and have a reddish-brown color. Histologically, the sinuses are large and contain many phagocytic cells filled with right yellow pigment and some granules of darker brown pigment which gives a stain for iron.
The bony skeleton presents most interesting changes. The rib cage is deformed due to softening of the ribs with multiple fractures. Every rib shows fractures, some 2 or 3 and others as many as 5 or 6. The fractures present themselves as white knobs and are more of a greenstick type rather than complete breaks. The ribs are very elastic and bend easily but do not break. The vertebral bodies are very soft and easily cut with the knife. The cortex of the long bones is thinned to about 2 ram. in thickness, and the bones can be split by applying some pressure to the knife. Marrow is red throughout the bones. Scapulae and pelvic bones are very delicate and easily cut. Histologically, the cortex of the ribs is thinned and in places bone is replaced by connective tissue. Lines of fracture are apparent and in this region the normal architecture is gone and there is osteoid tissue, bone fragments and fibrosis of marrow spaces. The vertebral sections show very delicate bone trabeculae with erosion crypts apparent. The cancellous portion of the long bones shows a thin cortex with delicate bone trabeculae. Large osteoclasts are not conspicuous. The marrow is very hyperplastic and is similar to that seen in prolonged secondary anemia except that the neutrophilic series is most conspicuous with adult polymorphonuclears numerous. Megakaryocytes are plentiful.
This metastatic calcification of vessels and stroma of organs is probably the result of the mobilization of calcium from the bones due to the lack of absorption of vitamin D from the intestine. Wells (16) in 1915 reviewed the literature and reported a somewhat similar picture in a case of h u m a n myelogenous leucemia where there was bone destruction. This condition although not common is found where there has been extensive destruction of bone as occurs in tuberculosis or neoplasms of bones and leucemia.
Control Observations
I n contrast to the above animals, we have had gall bladder renal fistula dogs remain in health indefinitely upon a diet of salmon bread plus 50 cc. of dog bile b y stomach tube. Dog 29-331 was operated upon under ether on July 25, 1930, and a gall bladder renal fistula made. At that time the dog weighed 14.6 kilos while just before death in March, 1934, it weighed 16 kilos. Aug. 15, 1930 , there was a hemoglobin of 103 per cent contrasted with 118 per cent on Mar. 8, 1934 , and at no time had there ever been an anemia. The basal diet was 400 gin. salmon bread, 75 gin. salmon and 30 gin. Klim. During nine periods varying from 3 to 4 weeks 200-300 gin. of liver had been added to the diet. Dog bile 50 cc. was given daily by stomach tube. Bleeding from the mucous membranes or from vena puncture wounds had not occurred. The dog was approaching a senile state and was killed by gas anesthesia.
Autopsy shows essentially normal organs with the fistula tract patent. The common bile duct is completely severed and no new tract had formed between the duct and the duodenum. The bones are solid and show no evidence of decalcification. The muscle coats of the small intestine, the mesenteric lymph glands and the pancreas are pigmented a buff brown.
Another dog, 31-257, has carried a renal fistula since Mar. 31, 1932, and at the present time--May, 1935--is in excellent clinical condition. The weight has been constant between 13.1 and 12 kilos. The diet was 250 gm. salmon bread, 75 gin. salmon, 30 gm. Klim and dog bile (50 cc.) was given by stomach tube until July, 1934, at which time ox bile 50 cc. was substituted. The bile has been given 6 days a week. Although it has been made anemic over long periods of time by means of acetyl phenylhydrazine, the hemoglobin has promptly returned to normal levels on cessation of the drug. There' has never been any Spontaneous bleeding and Feb. 21 recalcified plasma clotted in 6½ minutes.
Although the usefulness of closed sterile bile fistula dogs generally is of about 5 months' duration, we have had two dogs that were used in bile pigment and bile salt metabolism studies for 1 year and 1½ years respectively, Dogs 31-203 and 29-279. June 12, 1933 . There had never been any anemia or spontaneous bleeding, and the weight after 1½ years' existence as a fistula dog was 15.7 kilos as contrasted with 15 kilos the day of operation. 3 mo~ths after obstruction the dog had several severe gastro-intestinal hemorrhages which caused death. The anatomical diagnosis was: obstructed bile fistula; generalized jaundice, acute cholangitis; two bleeding ulcers in duodenum; infected infarcts of spleen and kidneys; pigmentation of small intestine and pancreas. The blood clotted immediately and the bones were firm in consistency.
DISCUSSION
Spontaneous bleeding with purpura is of particular interest and many attempts to control this tendency have been made as these dogs developed the bleeding tendency. Under the conditions of these experiments it is clear that there is a lack of something needed for normal coagulation. As this lack of something develops we note first a delayed blood clotting time which eventually leads to spontaneous bleeding from mucous membranes and trivial surface injuries. This condition can be relieved temporarily by whole blood transfusion. Whole bile feeding in considerable amounts will check the bleeding and remedy the lack of something, and the cure is permanent if the bile feeding is continued in adequate amounts daily. Dog bile is more effective in these experiments than ox bile. Bile salt by itself does not appear to be effective. We hope to determine what constituents of whole bile are responsible for this condition. When common bile duct obstruction is present with inevitable jaundice, this spontaneous bleeding does not develop indicating that abnormal retention of bile within the body is effective to prevent the development of this condition. From analysis of blood coagulation factors it seems highly probable that prothrombin is lacking or greatly diminished in the circulating blood when spontaneous bleeding develops. Experiments dealing with this point will be published in the near future. This knowledge is of great value in handling the bile fistula dog to prevent or cure serious complications and it may also be of service eventually in the control or cure of certain types of human diseased states associated with bleeding.
The healthy renal bile fistula can be maintained in perfect condition and weight equilibrium on a salmon bread diet plus 50 cc. of whole dog bile daily by mouth. If this same dog is made anemic by bleeding and kept in an anemic state by blood withdrawal we must increase the intake of dog bile or the fistula dog will develop spontaneous bleeding. A dose of 75 cc. whole bile daily may now" be required to preserve a normal condition. It would appear probable that the circulating plasma contains some of the unknown substance which accumulates as a result of the bile feeding and therefore removal of large amounts of plasma so depletes this supply that a larger intake of bile is needed.
Osteoporosis or decalcification of the skeleton is also of especial interest and obviously has a very important relationship to bile salt metabolism. As the bones are decalcified there may appear abnormal calcium deposits in the vessels and stroma of lungs and viscera. This was noted many years ago by Wells (16) .
Schmidt (3) and others have noted that the bile salts favored the absorption of vitamin D and gave an adequate explanation of the osteoporosis and its cure by bile salt feeding.
The observation that liver feeding would prevent the development of osteoporosis in open bile fistula dogs was made repeatedly in the Hooper Foundation and reported (19, 17) but not studied in detail. It is not possible to give a correct explanation of this observation but it may be proper to speculate as to the mechanism of this reaction. It may be argued that the liver contains an unknown substance or a compound of vitamin D either of which is absorbable through the intestine and prevents the decalcification. It would be of some interest to test fractions or extracts of whole liver to ascertain whether a potent fraction could be found which is capable of preventing bone decalcification under such conditions. SUMM_ARY A clearer understanding of the various abnormalities which may develop in relation to the experimental or clinical bile fistula will be of value to the laboratory worker as well as to the physician and surgeon.
A better comprehension of these diseased conditions will make for a saner analysis of the great mass of experimental data relating to the various types of bile fistula. Too frequently in the literature the bile fistula material is used to debate a physiological state whereas in reality the animal is in a pathological condition. It is possible but not easy to keep a bile fistula dog in a normal state for months or years if proper attention is given to the diet and physical state.
The most significant abnormalities are--intestinal disturbances, spontaneous bleeding, osteoporosis, cholelithiasis and duodenal ulcer.
Three types of bile fistula were used in our experiments and each one has its advantages and disadvantages.
Intestinal intoxication is best controlled by diet, by whole bile or bile salts or combinations of dog and ox bile.
Spontaneous bleeding seems to be due to the loss of something by way of the bile and this can be prevented by bile feeding. The blood deficiency appears to be a lack of prothrombin.
Osteoporosis appears inevitably after many months if bile is excluded from the intestine. This state is related to the lack of absorption of vitamin D. It is of some interest that liver feeding will prevent it.
Duodenal ulcers and cholelithiasis are common in bile fistula dogs and absolute control or prevention is not easy.
It may be restated that bile secretion into the intestine is necessary for normal health and even for actual continuation of life beyond a few months' period. Some of these experimental data should be of value to physicians and surgeons in the care and study of human fistula cases and should emphasize the necessity of prompt dietary control.
